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Soil is a pivotal component of the environment and the maintenance of soil quality is critical for ensuring the 
sustainability of the biosphere. The use of fertilizers has increased at a faster rate than global food production. Modern 
agriculture is dependent on phosphorus derived from phosphate rock, which is a non‐renewable resource. It is needed 
to improve P acquisition efficiency for both low input and intensive agroecosystems. However, few studies have focused 
on cereal‐legume interactions with regard to soil P. The objective of this work was to study the effects of grass‐legume 
mixtures and phosphorus fertilization on soil microbial community structure and biomass [determined by fatty acid 
methyl ester (FAME) profiling] as well as on the soil nitrogen (N) mineralisation rate.  
INTRODUCTION MATERIAL AND METHODS 
The field experiment was initiated in 2008 at the IRNASA’s experimental field “Muñovela” (Barbadillo, Salamanca). Forty 
plots of 3x3 m were established in four randomised blocks, each with ten treatments consisted of a factorial 
combination of five seed rates of orchard grass (Dactylis glomerata L.) and/or alfalfa (Medicago sativa L.), and two levels 
of phosphorus (P) fertilization. Seeding treatments consisted of: monoculture of orchard grass (20 kg ha-1; G100), 
orchard grass:alfalfa 75:25 (15:8.7 kg ha-1; G75:L25), orchard grass:alfalfa 50:50 (10:17.5 kg ha-1; G50:L50), orchard 
grass:alfalfa 25:75 (5:26.2 kg ha-1; G25:L75), and monoculture of alfalfa (35 kg ha-1; L100). Phosphorus fertilization levels 
were 0 (−P treatments) and 240 kg P2O5 ha
-1 yr-1 (+P treatments). Additionally, all plots were fertilized with 15 kg N ha-1 
yr-1 and 80 kg K2O ha
-1 yr-1. 
Soil sampling was conducted in spring, summer and autumn of 2009 and 2010 by taking four cores from each plot to a 
depth of 10 cm and pooling them to obtain one sample per plot. At the laboratory, soil samples were sieved moist using 
a 2 mm mesh screen and thoroughly mixed. Separate aliquots of each soil sample were used to determine the microbial 
community structure and biomass by fatty acid methyl ester (FAME) analysis and the nitrogen (N) mineralisation rate. 
Extraction, saponification and methylation of soil fatty acids were carried out as described by Marschner (2007). The 
mixture of FAMEs was separated on a gas chromatograph (Agilent 7890A) equipped with a capillary column HP-Ultra 2 
(J&W Scientific Inc.) and flame-ionization detector. Identification of FAMEs was accomplished by using the software 
Sherlock Microbial Identification System (MIDI Inc.). A total of 21 different FAMEs derived from microbial organisms (C 
chain length of 12 to 20) were used in this study for profiling the microbial community structure and to quantify the 
microbial biomass in soil samples. Some of them were also used as biomarkers of specific microbial groups (Gram 
positive and Gram negative bacteria, actinobacteria, and saprophytic and mycorrhizal fungi).  The mineralization of soil 
N was calculated as the difference between mineral N (N-NO3
− + N-NH4
+) contents before and after a period of 
incubation of 60 days at 20 oC. Mineral N (NO3
− and NH4
+) were extracted by shaking the soil samples (10 g) for 1 h with 
50 mL KCl 1M, and were filtered and analysed by Braun+Luebbe AutoAnalyzer3 continuous-flow analyser following the 
instructions of the manufacturer.  
Differences in the soil microbial community structure as characterized by FAMEs profiling was assessed by non-metric 
multidimensional scaling (NMDS) analyses, and permutational multivariate analysis of variance (PERMANOVA) was used 
to test the effects on it of year, season, phosphoric fertilization, and plant cover composition. Temporal changes of total 
microbial biomass and relative abundance of microbial groups were evaluated by the Repeated Measures ANOVA. 
Canonical redundancy analysis (RDA) was used to evaluate relative abundance of microbial groups and total microbial 
biomass data pooled by season, and ordination diagrams showing reaction of these parameters to plant cover 
composition and phosphoric fertilization were constructed.  
Marschner, P., 2007. Soil Microbial Community Structure and Function Assessed by FAME, PLFA and DGGE – Advantages and Limitations, in: Varma, A., Oelmüller, R, 
(Eds.), Advanced Techniques in Soil Microbiology. Springer-Verlag, Berlin Heidelberg, Germany, pp. 181-200.  
RESULTS AND DISCUSSION 
Establishment of Field Experiment (April 2008) Spring (April 2009) 
Summer (July 2009) Autumn (October 2009) 
PERMANOVA analysis showed highly significant effects (P<0.01) of both year and season of 
sampling on the soil FAME profiles indicating that the microbial community underwent 
compositional shifts over seasons and time (Fig. 1A). The results of repeated measurements 
ANOVA for total microbial biomass, relative abundance of the different microbial groups and soil 
mineralisation rate were all statistically significant (P<0.01). Soil microbial biomass (Fig. 1B) and 
the relative abundance of saprophytic fungi (Fig. 1D) were the microbial parameters most 
affected by seasonality, while the relative abundance of actinobacteria (Fig. 1C) was higher in 
the second than in the first year. The highest soil N mineralisation rate  (Fig. 1E) was observed in 
the spring of the first year of sampling (2009), declining sharply thereafter.  
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Figure 1. NMDS graph (A) showing the FAME profile similarity of the soils throughout samplings 
of spring, summer and autumn of 2009 and 2010. Each symbol represent an experimental plot.  
 
Values of total microbial biomass (B), relative abundance of actinobacteria (C) and saprophytic 
fungi (D), and soil N mineralisation rates (E) throughout samplings. Mean±SE (N= 40) 
When data were pooled by season, it was shown that the type of plant cover greatly influences 
(P<0.01) the soil microbial community structure in the three seasons (Fig. 2 A,B,C), while the 
level of phosphoric fertilization did not have a significant impact (P>0.4), likely due to an initial 
high soil P status of the experimental site as consequence of past fertilization practices. The soil 
microbial community structure in orchard grass monocrops (G100) was very different from that 
of the other plant cover treatments. When alfalfa was intercropped with orchard grass, even at 
low seeding ratio (G75:L25), it deeply influenced the soil microbial community structure. 
Soil microbial biomass and the relative abundance of mycorrhizal fungi (Fig. 2 D,E,F) were higher 
in soils with predominance of orchard grass (G100), while relative abundances of saprophytic 
fungi, actinobacteria and Gram positive and Gram negative bacteria increased as the cover of 
alfalfa increased. In soils with alfalfa, the relative abundance of Actinobacteria tended to 
increase with time, which may be due to a progressive soil enrichment in such bacteria since 
they are commonly associated with legume nodules (Martínez-Hidalgo et al., 2014). Alfalfa plant 
densities of 25 percent (G75:L25) or higher increased soil N mineralisation and soil N-NO3 
contents (data not sown) with respect to orchard grass monocultures (G100). Therefore, grass-
legume intercropping is advantageous for semi-arid meadows.  
Martínez-Hidalgo, P., Galindo-Villardón, P., Trujillo, M.E., Igual, J.M., Martínez-Molina, E. 2014. Micromonospora from nitrogen fixing nodules of alfalfa (Medicago 
sativa L.). A new promising Plant Probiotic Bacteria. Sci. Rep. 4, 6389.  
Figure 2. NMDS graphs showing the FAME profile similarity of soils with different plant cover composition and phosphoric fertilization in samplings of spring (A), summer (B) and autumn (C) of 2009 and 2010. Each symbol represent an experimental plot. 
 
RDA biplots performed on the matrix of relative abundance of microbial groups and total microbial biomass constrained by the matrix of plant cover and phosphoric fertilization treatments, in samplings of spring (D), summer (E) and autumn (F) of 2009 and 2010. 
Symbols represent the centroids of each plant cover composition and phosphoric fertilization treatment. 
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